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REMARKS 

I. Introduction 

Claims 1 , 2 and 4-24 are currently pending. Claims 7 and 10-15 were withdrawn 
by the Examiner following a Restriction Requirement and claim 3 was previously 
canceled. Applicants have submitted a declaration under 37 C.F.R. § 1.132 by Inventor 
Tao L. Lowe Ph.D., ( hereinafter "the Lowe § 1. 132 declaration"), stating that the results 
achieved by the presently claimed compositions achieve unexpectedly improved results. 
For the following reasons, Applicants respectfully submit that the claims are allowable 
and the application should be passed to issue. 

II. Claim Rejections Under 35 U.S.C. S 112. second paragraph 

Claims 16, 17, 20 and 21 were rejected under 35 U.S.C. § 112, second 
paragraph as allegedly being indefinite for failing to point out and distinctly claim the 
subject matter regarded as the invention. Specifically, the Examiner asserts that the 
terms "biologically active" and "inert substance" are not described. Applicants 
respectfully traverse this rejection. The specification clearly describes the term 
"biologically active" on page 13, paragraph [0044], "a biologically active substance 
refers to any agent that is biocompatible and capable of producing an effect. Such 
substances include vitamins, antiperspirants, suntan lotions, drugs, etc." Furthermore, 
the term "inert" is used throughout the specification in the alternative with the term 
"biologically active." As such, a person having ordinary skill in the art would understand 
the meaning of the term "inert" as a substance that does not elicit a response. 
Moreover, from the context of the specification, the meaning of "inert" is understood as 
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meaning a substance that is not biologically active i.e. that is not capable of producing 
an effect. As such, the claims are clearly described. Therefore, it is respectfully 
requested that the rejection by withdrawn. 

III. Claim Rejections Under 35 U.S.C. § 102(b) 

Claims 1 , 2, 5 and 6 were rejected under 35 U.S.C. § 102(b) as allegedly being 
anticipated by Kurisawa et al., "Modulated degradation of dextran hydrogels grafted with 
poly(N-isopropylacrylamide-co-N,N-dimethylacrylamidee) in response to temperature," 
Macromol. Chem. Phys. 199, 2613-2618 (1998). Applicants respectfully traverse this 
rejection. 

Claim 1 recites, 

"A polymeric material comprising a smart segment and a biodegradable 
segment, wherein the biodegradable segment includes a hydrophobic 
segment and a hydrophilic segment, wherein the smart segment 
comprises poly(N-isopropylacrylamide), poly(N-alkylacrylamide), poly(N-n- 
propylacrylamide), poly(N-isopropylmethacrylamide), poly(ethylene oxide)- 
poly(propylene oxide)-poly(ethylene oxide), or elastin-like polypeptides." 

Anticipation under 35 U.S.C. § 102 requires that "each and every element as set 
forth in the claim is found, either expressly or inherently described, in a single prior art 
reference." Verdegaal Bros. v. Union Oil Co. of California, 814 F.2d 628, 631, 2 USPQ 
2d 1051, 1053 (Fed Cir. 1987). At a minimum, Kurisawa does not disclose (expressly 
or inherently) a polymeric material comprising a hydrophobic segment. 

On page 3 of the office action mailed February 10, 2009, the Examiner asserts 
that Kurisawa discloses dextran hydrogel grafted with poly(N-isopropylacrylamide-co- 
N,N-dimethacrylamide) in which the N,N-dimethacrylamide is the hydrophobic segment 
and dextran is the hydrophilic segment. 
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However, it is well known that N,N-dimethylacrylamide is not hydrophobic as 
asserted by the Examiner, but is hydrophilic, (see Zhang et al., U.S. Patent No. 
5,889,073 col. 17, lines 7-33, Example 6 in which a surface was made hydrophilic using 
N, N-dimethylacrylamide). 

Thus, Kurisawa fails to disclose all of the elements of claim 1. Accordingly, claim 
1 is allowable. Furthermore, claims 2, 4-6, and 16-24 depend from and further define 
the subject matter of claim 1 and therefore are also allowable. 

IV. Claim Rejections Under 35 U.S.C. S 103(a) 
Hen n ink '170 in view of Park or Hennink '148 

Claims 1, 2, 4, 5, 6, 8, 9 and 16-24 have been rejected under 35 U.S.C. § 103(a) 
as allegedly being unpatentable over Hennink et al., WO 98/00170 (WO '170) in view of 
Park U.S. 6,271,278 or Hennink U.S. 6,303,148 (Hennink '148). The Examiner on page 
5 of the office action mailed February 10, 2009 concedes that WO '170 does not 
disclose a smart polymer as recited in claim 1, and therefore relies on Park or Hennink 
'148 for this alleged disclosure. However, Applicants respectfully submit that a person 
having ordinary skill in the art would not have found it obvious to replace HEMA as 
disclosed in Hennink '170 with the poly N-isoprpoylacrylamide as disclosed in Park and 
Hennink '148 because the configuration as recited in claim 1 achieves unexpectedly 
improved results. As stated in the Lowe § 1.132 declaration at paragraphs 2 and 6, 
FIG. 10 of the present disclosure, shows that the polymeric material having the 
composition as recited in claim 1, (NIPAAm-Dextran derivative) at 37°C has a Bovine 
Serum Albumin "BSA" (molecular weight of 69.4 kDa) release time of over 15 days. In 
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contrast, as shown in Hennink '170 FIG. 5, the release time of the much larger molecule 
Immunoglobulin G "IgG" (molecular weight of 150kDa) at 37°C from the HEMA polymer 
of Hennink '170 shows a maximum release time of 6 days. 

The inventor Dr. Lowe, is a person have ordinary skill in the art, and states in the 
Lowe § 1 .132 declaration, that a larger molecule, such as IgG would have been 
expected to have a longer release rate than a comparatively smaller molecule, such as 
BSA. However, the release rate from the presently claimed composition is 
unexpectedly improved compared to the composition disclosed in Hennink '170. 

Therefore, based on the cited prior art references, the significantly improved 
release rate of the composition as recited in claim 1 would not have been obvious to a 
person having ordinary skill in the art, (see the Lowe § 1 .132 declaration at paragraphs 
2 and 3). 

Moreover, FIG. 3 of the present disclosure, shows that the polymeric material as 
recited in claim 1 , achieves a sustained swelling ratio for up to 8 months. In contrast, 
the swelling ratio of the HEMA polymer disclosed in Hennink '170, as shown in FIG. 4 
shows a rapid drop in swelling ratio after less than 22 days. As stated and explained in 
the Lowe § 1.132 declaration at paragraphs 2-6, this comparison of swelling rates 
between the polymeric material recited in claim 1 compared to that disclosed by 
Hennink '170, clearly shows that the claimed composition achieves unexpectedly 
improved results, thereby rebutting the Examiner's assertion of obviousness. 

Accordingly, Applicant respectfully submit that claim 1 is allowable over the cited 
prior art references. Furthermore, claims 2, 4-6, and 16-24 depend from and further 
define the subject matter of claim 1 and therefore are also allowable. 
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Bos et al. "Hydrogels for the Controlled Release of Pharmaceutical 
Proteins" Pharmaceutical Technology. Oct, 2001 

Claims 1 , 2, 4, 5, 6, 8, 8 and 16-24 have been rejected under 35 U.S.C. § 103(a) 
as allegedly being unpatentable over Bos et al. "Hydrogels for the Controlled Release 
of Pharmaceutical Proteins" Pharmaceutical Technology. Oct., 2001. The Examiner 
concedes that Bos fails to disclose a smart segment that comprises "poly(N- 
isopropylacrylamide), poly(N-alkylacrylamide), poly(N-n-propylacrylamide), poly(N- 
isopropylmethacrylamide), polyethylene oxide)-poly(propylene oxide)-poly(ethylene 
oxide), or elastin-like polypeptides," as recited in claim 1 . Rather, Bos, like Hennink 
'170 discloses a HEMA component. Nonetheless, the Examiner asserts that because 
Bos lists methacrylates and poly(n-isoprpopylacrylamide) in the same table as HEMA, 
that it would be obvious to interchange these components in a hydrogel. However, as 
discussed above, Applicants have shown that the polymeric composition as recited in 
claim 1 achieves unexpectedly improved results, (see the Lowe § 1.132 declaration, at 
paragraphs 2-6). Thus, it would not have been obvious to a person having ordinary 
skill in the art, based on the disclosure in Bos, to achieve the polymeric composition as 
recited in claim 1 . 

Accordingly, Applicant respectfully submit that claim 1 is allowable over the cited 
prior art references. Furthermore, claims 2, 4-6, and 16-24 depend from and further 
define the subject matter of claim 1 and therefore are also allowable. 

In view of the above remarks, Applicants submit that this application is in 
condition for allowance. If there are any questions regarding this application, a 
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telephone call to the undersigned would be appreciated to expedite the prosecution of 
the application. 

To the extent necessary, a petition for an extension of time under 37 C.F.R. 
1.136 is hereby made. Please charge any shortage in fees due in connection with the 
filing of this paper, including extension of time fees, to Deposit Account 500417 and 
please credit any excess fees to such deposit account. 



Respectfully submitted, 




Aamer S. Ahmed 
Registration No. 58,958 



600 13 th Street, N.W. 
Washington, DC 20005-3096 



Please recognize our Customer No. 
20277 as our correspondence 
address. 



Phone: 202.756.8000 ASA:MWE 
Facsimile: 202.756.8087 
Date: June 10, 2009 
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[57] ABSTRACT 

Disclosed is a process for producing a material having 
hydrophilic surface which comprises forming a hydrophobic 
photopolymerizable composition comprising a hydrophobic 
compound (a) having two or more polymerizable unsatur- 
ated double bonds per molecule and a photopolymerization 
initiator into a desired form and irradiating the resultant 
shape (b) with actinic rays while keeping the surface of the 
shape (b) in contact with a hydrophilic liquid (d) containing 
a hydrophilic compound (c) having one or more polymer- 
izable unsaturated double bonds under such conditions that 
a photopolymerization reaction is prevented from occurring 
in the hydrophilic liquid (d) except at the interface between 
the liquid (d) and the shape (b), whereby the shape (b) is 
cured and, at the same time, the hydrophobic compound (a) 
is copolymerized with the hydrophilic compound (c) at the 
interface between the shape (b) and the hydrophilic liquid 
(d) to chemically bond molecules of the hydrophilic com- 
pound (c) to the surface of the hydrophobic shape (b). The 
process is advantageous in that the kind and density of 
hydrophilic groups can be easily controlled and the structure 
and properties inherent in the material formed from the 
photopolymerizable composition are not impaired. 

12 Claims, No Drawings 



FIELD OF THE INVENTION 
The present invention relates to processes for producing a 
material having hydrophilic surface which is used not only 
in various fields such as separation membranes, electronic 
industry, food industry, medical applications and treatments 
(including medical goods, e.g., artificial organs, and 
examination), medicinal industry, wastewater treatment, and 
printing materials as a material reduced in the adsorption of 
proteins, colloids, bacterium, humin, fats and oils, contami- 
nants present in the air, etc., as a biocompatible material, or 
as a support for immobilizing enzymes, microorganisms, or 
the like without denaturing the same, but also in the agri- 
cultural and other fields as an antifogging film or antifogging 
coating film 

BACKGROUND OF THE INVENTION 
Materials used in the fields mentioned above have some 
problems. The first problem is the adsorption of proteins, 
fats and oils, humin, and other substances onto the surfaces 
of these materials. In the field of separation membranes, for 
example, there is a problem that the adsorption of such 
substances causes a decrease in permeation flux. The second 
problem is insufficient biocompatibility in the medical field, 
as in artificial organs; the insufficient biocompatibility is 
causative of thrombus, hemolysis, sensitization, antigen- 
antibody reaction, etc. The third problem is static build-up, 
which is serious especially in the field of electronic industry. 

A generally employed method for eliminating those prob- 
lems is to hydrophilize the surface of material. However, this 
method, in which a surface treatment is conducted to impart 
hydrophilicity to material surface, is disadvantageous in that 
the attainable degree of hydrophilicity is low and that the 
efficiency of material production inevitably decreases due to 
an increase in the number of steps because of the hydro- 
philizing treatment which should be conducted after form- 



On the other hand, methods for directly producing a 
material having hydrophilic surface are to use a polymer 
having hydrophilic groups as a raw material or coating 
material, and to incorporate a hydrophilic substance into a 
material through kneading. For example, methods for the 
prevention of staticbuild-up are described in Kobunshi Hy 
omen No Kiso To Oyo (Ge) [The Fundamentals and Appli- 
cations of Polymer Surfaces (the last volume)], Kagaku 
Doojin K.K., p.72 (1986), which comprise producing a 
material having a hydrophilic surface by applying a surfac- 
tant to the surface of a material or by incorporating a 
surfactant into a material through kneading. Besides 
surfactants, carbon is also used as a hydrophilizing agent 
incorporated through kneading. 

However, such methods based on the incorporation of a 
hydrophilizing agent through kneading necessarily have the 
following drawbacks. Since a surfactant should be incorpo- 
rated in a large amount in order to obtain sufficient 
hydrophilicity, the surfactant is released from the surfaces of 
the resultant materials and the materials have considerably 
impaired properties. On the other hand, the method in which 
a hydrophilic polymer is used as a raw material or a coating 
material has problems of dimensional change due to mois- 
ture absorption, strength decrease in a wet state, and peeling 
in wet state from the substrate, although free from the 
problem of the release of a hydrophilic substance. 
SUMMARY OF THE INVENTION 

An object of the present invention is to provide a material 
which has a surface having sufficient hydrophilicity and 



durability and is free from a decrease in performance result- 
ing from the impartation of hydrophilicity. Another object of 
the present invention is to provide a process for producing 
the material without increasing the number of process steps. 

5 More specifically, one of the objects of the present invention 
is to provide a material having hydrophilic surface which 
has hydrophilic groups bonded to the material surface by 
covalent bonding and contains no internal hydrophilic 
groups which do not contribute to hydrophilic surface, and 

10 in which the surface hydrophilic groups can thereby fully 
perform their functions without exerting an adverse influ- 
ence on the physical structure and properties of the material, 
etc. The other object of the invention is to provide a process 
for producing the above material through a single step. 

15 As a result of intensive investigations made by the present 
inventors in order to eliminate the problems described 
above, they have found that a material having hydrophilic 
surface can be easily produced by forming a hydrophobic 
photopolymerizable composition comprising a hydrophobic 

20 compound (a) having two or more polymerizable unsatur- 
ated double bonds per molecule and a photopolymerization 
initiator into a desired form and irradiating the resultant 
shape (b) with actinic rays while keeping the surface of the 
shape (b) in contact with a hydrophilic liquid (d) containing 

25 a hydrophilic compound (c) having one or more polymer- 
izable unsaturated double bonds under such conditions that 
a photopolymerization reaction is prevented from occurring 
in the hydrophilic liquid (d) except at the interface between 
the liquid (d) and the shape (b), whereby the shape (b) is 

30 cured and, a t the same time, the hydrophobic compound (a) 
is copolymerized with the hydrophilic compound (c) at the 
interface between the shape (b) and the hydrophilic liquid 
(d) to chemically bond molecules of the hydrophilic com- 
pound (c) to the surface of the hydrophobic shape (b). It has 

35 also been found that this process is advantageous in that the 
kind and density of hydrophilic groups can be easily con- 
trolled and the structure and properties inherent in the 
material formed from the photopolymerizable composition 
are not impaired. The present invention has been achieved 



In order to accomplish the objects described above, the 
present invention provides: 

[I] A process for producing a material having hydrophilic 
surface which comprises: 

(1) the first step of forming a hydrophobic photopolymer- 
izable composition comprising a hydrophobic com- 
pound (a) having two or more polymerizable unsatur- 
ated double bonds per molecule and a 

5Q photopolymerization initiator into a desired form 
selected from thin film, fiber, bead, and other forms to 
produce a shape (b); 

(2) the second step of bringing the surface of the shape (b) 
into contact with a hydrophilic liquid (d) containing a 

55 hydrophilic compound (c) having one or more poly- 
merizable unsaturated double bonds; and 

(3) the third step of irradiating the shape (b) with aclinic 
rays while keeping the shape (b) in contact with the 
hydrophilic liquid (d), 

60 (4) said third step being conducted in such a manner that 

(i) the shape (b) is cured, 

(ii) the hydrophobic compound (a) is copolymerized 
with the hydrophilic compound (c) at the interface 
between the shape (b) and the hydrophilic liquid (d) 

65 to thereby chemically bond molecules of the hydro- 

philic compound (c) to the surface of the hydropho- 
bic shape (b), and 
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(iii) the hydrophilic liquid (d) is prevented from under- 
going any photopolymerization reaction therein 
except at said interface; 

[II] A process for producing a material having hydrophilic 
surface which comprises: 

(1) the first step of forming a hydrophobic photopolymer- 
izable composition comprising a hydrophobic com- 
pound (a) having two or more polymerizable unsatur- 
ated double bonds per molecule and a 
photopolymerization initiator into a desired form 
selected from thin film, fiber, bead, and other forms to 
produce a shape (b); 

(2) the second step of irradiating the shape (b) with actinic 
rays to precure the shape (b) to such a degree that the 
resultant procured shape (b) has polymerizable unsat- 
urated double bonds remaining at least on the surface 
thereof; 

(3) the third step of bringing the surface of the precured 
shape (b) into contact with a hydrophilic liquid (d) 
containing a hydrophilic compound (c) having one or 
more polymerizable unsaturated double bonds; and 

(4) the fourth step of irradiating the precured shape (b) 
with aclinic rays while keeping the precured shape (b) 
in contact with the hydrophilic liquid (d), 

(5) said fourth step being conducted in such a manner that 

(i) the precured shape (b) is completely cured, 

(ii) the hydrophobic compound (a) is copolymerizcd 
with the hydrophilic compound (c) at the interface 
between the shape (b) and the hydrophilic liquid (d) 
to thereby chemically bond molecules of the hydro- 
philic compound (c) to the surface of the hydropho- 
bic shape (b), and 

(iii) the hydrophilic liquid (d) is prevented from under- 
going any photopolymerization reaction therein 
except at said interface; 

[III] The process as described in [I] or [II] above, wherein 
the shape (b) is brought into contact with the hydrophilic 
liquid (d) by immersing the shape (b) in the hydrophilic 
liquid (d); 

[IV] The process as described in [I] or [II] above, wherein 
the photopolymerizable composition contains an ingredient 
which is miscible with the hydrophobic compound (a) 
having two or more polymerizable unsaturated double bonds 
per molecule and in which the cured polymer formed from 
the hydrophobic compound (a) having two or more poly- 
merizable unsaturated double bonds per molecule neither 
dissolves nor swells; 

[V] The process as described in [I] or [II] above, wherein 
the hydrophilic liquid (d) contains a surfactant; 

[VI] The process as described in [I] or [II] above, wherein 
the hydrophilic compound (c) having one or more polymer- 
izable unsaturated double bonds is a compound having 
amino acid structure in the molecule; and 

[VII] The process as described in [I] or [II] above, 
wherein the compound (c) having one or more polymeriz- 
able unsaturated double bonds and one or more hydrophilic 
groups is a compound having saccharide structure in the 
molecule. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The hydrophobic photopolymerizable composition for 
use in the present invention should be capable of being 
formed into a shape and of substantially retaining the shape 
throughout the period of from contact with a hydrophilic 
liquid (d) and the initiation of irradiation with actinic rays to 
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the completion of curing. In order for the composition to 
satisfy the above, the hydrophobic compound (a) having two 
or more polymerizable unsaturated double bonds, which is 
the main component of the hydrophobic photopolymerizable 
5 composition, is preferably insoluble in the hydrophilic liquid 
(d), or the hydrophobic photopolymerizable composition 
preferably has a high viscosity. 

The hydrophobic compound (a) having two or more 
polymerizable unsaturated double bonds per molecule for 

10 use in the processes of the present invention may be any 
compound as long as it crosslinks and polymerizes to give 
a hydrophobic polymer when irradiated with actinic rays, 
e.g., ultraviolet rays, visible rays, or infrared rays, in the 
presence of a photopolymerization initiator. It may, for 
example, be a radical-polymerizable compound or an 

15 anionically or cationically polymerizable compound. 
Examples of the hydrophobic compound (a) having two or 
more polymerizable unsaturated double bonds per molecule 
include monomers and/or oligomers each having per mol- 
ecule two or more polymerizable unsaturated double bonds 

20 such as vinyl, vinylidene, acryloyl, and methacryloyl 
groups. [Hereinafter, an acryloyl group and a methacryloyl 
group are inclusively referred to as a (meth)acryloyl group; 
the same applies to (meth)acrylic, (meth)acrylate, and the 
like.] Preferred among those are monomers and/or oligo- 

25 mers each having two or more (meth)acryloyl groups per 
molecule because these compounds polymerize at a high 
rate upon irradiation with actinic rays. 

Specific examples of the hydrophobic compound (a) 
having two or more polymerizable unsaturated double bonds 

30 per molecule for use in the processes of the present invention 
include bifunctional monomers such as 1,6-hexanediol 
di(meth)acrylate, polypropylene glycol di(meth)acrylate, 
hydroxypivalic acid neopentyl glycol di(meth)acrylate, neo- 
pentyl glycol di(meth)acrylate, 3-acryloyloxyglycerol 

35 monomethacrylate, 2,2'-bis(4-(meth) 
acryloyloxypolyethylene-oxyphenyl) propane, 2,2'-bis(4- 
(meth) acryloyloxypolypropyleneoxyphenyl)propane, dicy- 
clopentanyl di(meth)acrylate, bis[(meth)acryloyloxyethyl] 
hydroxyethyl isocyanate, phenyl glycidyl ether acrylate 

40 tolylene diisocyanate, and divinyl adipate; trifunctional 
monomers such as trimethylolpropane tri(meth)acrylate, tri- 
methylolethane tri(meth)acrylate, trisf(meth) 
acryloyloxyethyl] isocyanate, and pentaerythritol tri(meth) 
acrylate; tetrafunctional monomers such as pentaerythritol 

45 tetra(meth)acrylate and glycerol di(meth)acrylate hexameth- 
ylene diisocyanate; pentafunctional monomers such as 
dipentaerythritol monohydroxypenta(meth)acrylate; and 
hexafunctional monomers such as dipentaerythritol hcxa 
(meth)acrylate. 

SO In the case where an oligomer (a) having (meth)acryloyl 
groups is used as the hydrophobic compound (a) having two 
or more polymerizable unsaturated double bonds per 
molecule, it is an oligomer having two or more (meth) 
acryloyl groups per molecule and preferably having a 

55 molecular weight of from 500 to 50,000. Examples of this 
oligomer include (meth)acrylic esters of epoxy resins, such 
as a bisphenol A/diepoxy(meth)acrylic acid adduct, (meth) 
acrylic esters of polyether resins, (metb)acrylic esters of 
polybutadiene resins, and polyurethane resins having (meth) 

60 acrylic groups at molecular ends. 

These hydrophobic compounds (a) having two or more 
polymerizable unsaturated double bonds per molecule can 
be used alone or as a mixture of two or more thereof. For 
example, a mixture of monomers or oligomers or a mixture 

65 of a monomer and an oligomer may be used. 

In the hydrophobic photopolymerizable composition for 
use in the present invention, the hydrophobic compound (a) 



5,8* 

5 

having two or more polymerizable unsaturated double bonds 
per molecule can be contained in combination with a hydro- 
phobic compound having one polymerizable unsaturated 
double bond per molecule. By selecting the kind and pro- 
portion of the hydrophobic compound having one polymer- 
izable unsaturated double bond per molecule, the resultant 
base material [i.e., the cured shape (b)] for a material having 
hydrophilic surface can be regulated so as to have any 
desired crosslink density. For example, a material excellent 
in heat resistance, solvent resistance, swelling resistance, 
hardness, and strength may be obtained by a method in 
which a hydrophobic compound having a larger number of 
polymerizable unsaturated double bonds per molecule is 
selected as the hydrophobic compound (a) having two or 
more polymerizable unsaturated double bonds per molecule 
to thereby yield therefrom a polymer having a heightened 
crosslink density. In contrast, in the case where 
thermoplasticity, flexibility, elongation, and the like are 
required, a material having such properties may be obtained 
by a method in which a hydrophobic compound having one 
polymerizable unsaturated double bond per molecule is used 
in a larger proportion to thereby yield a polymer having a 
relatively low crosslink density. A suitable one can be 
selected from these methods according to the desired prop- 
erties of the material to be obtained. Whichever method is 
selected, the use of a hydrophobic compound (a) having two 
or more polymerizable unsaturated double bonds per mol- 
ecule in the hydrophobic photopolymerizable composition is 
indispensable for obtaining a material having excellent 
hydrophilic surface in heat resistance, mechanical strength, 
hardness, dimensional stability, solvent resistance, etc. 

Examples of the hydrophobic compound having one 
polymerizable unsaturated double bond per molecule, which 
can be optionally incorporated into the hydrophobic photo- 
polymerizable composition, include ethyl (meth)acrylate, 
n-butyl (meth)acrylate, isobutyl (meth)acrylate, t-butyl 
(meth)acrylate, hexyl (meth)acrylate, 2-ethylhexyl (meth) 
acrylate, lauryl (meth)acrylate, stearyl (meth)acrylate, phe- 
nyl (meth)acrylate, phenyl Cellosolve (meth)acrylate, non- 
ylphenoxy polyethylene glycol (meth)acrylate, isobornyl 
(meth)acrylate, dicyclopentanyl (meth)acrylate, and dicy- 
clopentenyloxyethyl (meth)acrylate. 

The cured shape (b) formed from the hydrophobic pho- 
topolymerizable composition described above can be a base 
material not swelling in water. The term "not swelling in 
water" as used herein means that when the material is 
immersed in 20° C. water, the resultant weight increase is 
not higher than 5% based on the weight of the dry material. 
Due to the property of not swelling in water, the material has 
water resistance and suffers no decrease in strength even in 
a wet state. 

The photopolymerization initiator for use in the present 
invention is not particularly limited as long as it is sensitive 
to the actinic rays to be used and is capable of polymerizing 
a hydrophobic compound (a) having two or more polymer- 
izable unsaturated double bonds with a hydrophilic com- 
pound (c) having one or more polymerizable unsaturated 
double bonds. For example, it may be a radical polymer- 
ization initiator, an anionic polymerization initiator, or a 
cationic polymerization initiator. Examples of the photopo- 
lymerization initiator include acetophenone derivatives such 
as p-tert-butyltrichloroacetophenone, 2,2'- 
diethoxyacetophenone, and 2-hydroxy-2-metbyl-l- 
phenylpropan-l-one; ketones such as benzophenone, 4,4'- 
bisdimethylaminobenzophenone, 2-chlorothioxanthone, 
2-methylthioxanthone, 2-ethylthioxanthone, and 
2-isopropylthioxanthone; benzoin and benzoin ethers such 
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as benzoin methyl ether, benzoin isopropyl ether, and ben- 
zoin isobutyl ether; and benzyl ketals such as benzyl dim- 
ethyl ketal and hydroxycyclohexyl phenyl ketone. 
Although the photopolymerization initiator used in the 

5 hydrophobic photopolymerizable composition may be in a 
dissolved or dispersed state in the composition, it preferably 
dissolves in the hydrophobic photopolymerizable composi- 
tion. The concentration of the photopolymerization initiator 
in the hydrophobic photopolymerizable composition is pref- 

10 erably from 0.01 to 20% by weight, more preferably from 
0.5 to 10% by weight. 

The hydrophobic photopolymerizable composition for 
use in the present invention can contain other ingredients, 
which may be present therein in a dissolved or non- 

15 dissolved state. Examples of such optional ingredients 
include polymers which function as a thickening agent for 
the photopolymerizable composition, polymers which func- 
tion as a property improver for the final material, inorganic 
ingredients such as fillers, reinforcements such as aramid 

20 fibers, colorants, chemicals such as antiseptics, and poor 
solvents for forming a porous material. 

The hydrophilic compound (c) having one or more poly- 
merizable unsaturated double bonds for use in the processes 
of the present invention is a compound having in the 

25 molecule one or more polymerizable unsaturated double 
bonds and one or more hydrophilic groups. When the 
hydrophilic liquid (d) which contains the hydrophilic com- 
pound (c) and is kept in contact with a shape (b) formed from 
the hydrophobic polymerizable composition is irradiated 

30 with actinic rays, then the compound (c) should undergo no 
photopolymerization reaction except at the interface 
between the hydrophobic shape (b) and the hydrophilic 
liquid (d). In order for a hydrophilic compound (c) having 
one or more polymerizable unsaturated double bonds to 

35 satisfy the above requirement, it should be a compound 
which, upon irradiation with actinic rays, polymerizes in the 
presence of a photopolymerization initiator but does not 
polymerize in the absence thereof. In addition, the hydro- 
philic liquid (d) preferably contains no photopolymerization 

40 initiator which is sensitive to the actinic rays to be used. 
Even when the hydrophilic liquid (d) contains a photopo- 
lymerization initiator, the above requirement can be met by 
incorporating a polymerization inhibitor or a chain transfer 
agent together with the initiator. 

45 If the hydrophilic compound (c) having one or more 
polymerizable unsaturated double bonds is a compound 
which upon irradiation with actinic rays polymerizes in the 
hydrophilic liquid (d) except at the interface between the 
liquid (d) and a shape (b) formed from the hydrophobic 

50 photopolymerizable composition, use of this hydrophilic 
compound (c) is undesirable in that the efficiency of utili- 
zation of the hydrophilic compound (c) having one or more 
polymerizable unsaturated double bonds is reduced because 
hydrophilic polymers not bonded to the surface of the base 

55 material are yielded in an increased amount, and that the 
hydrophilic liquid (d) should be more frequently replaced 
with a fresh one and this tends to result in a reduced 
production efficiency. 
Whether a hydrophilic compound (c) having one or more 

60 polymerizable unsaturated double bonds polymerizes in the 
absence of a photopolymerization initiator or not depends 
also on the actinic rays with which the compound (c) is 
irradiated. It is possible to prevent a hydrophilic compound 
(c) having one or more polymerizable unsaturated double 

S5 bonds from polymerizing in the absence of a photopolymer- 
ization initiator by using actinic rays selected with respect to 
wavelength and intensity. 
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Examples of the hydrophilic groups possessed by the acryloyloxyethylphthalic acid, 2-(meth) 

hydrophilic compound (c) having one or more polymeriz- acryloyloxypropylphthalic acid, and 2-(meth) 

able unsaturated double bonds include nonionic hydrophilic acryloyloxyethylsuccinic acid; monomers having a 

groups such as polyethylene glycol groups, polyoxymeth- phosphate group, such as mono(2-methacryloyloxyethyl) 

ylene groups, a hydroxy group, saccharide-containing 5 acid phosphate and mono(2-acryloyloxyethyl) acid phos- 

groups, an amide group, and a pyrrolidone group; anionic phate; monomers having a quaternary ammonium salt 

hydrophilic groups such as a carboxyl group, a sulfo group, group, such as (meth)acryloyloxyethyltrimethylammonium 

and a phosphate group; cationic hydrophilic groups such as chloride and (meth)acryloyloxypropyltrimethylammonium 

an amino group, an ammonium group, and a phosphonium chloride; monomers having a sulfo group, such as 

group; and amphoteric ionic groups such as amino acid- 10 2-acrylamido-2-methylpropanesulfonic acid, 2-acrylamido- 

containing groups and groups each comprising a combina- 2-phenylpropanesulfonic acid, sodium (meth) 

tion of a phosphate group and an ammonium ion group. acryloyloxyethylsulfonate, ammonium (meth) 

Derivatives of these groups are, of course, possible. acryloyloxyethylsulfonate, allylsulfonic acid, 

Examples of the derivatives include N-substituted amino, methallylsulfonic acid, vinylsulfonic acid, styrenesulfonic 

amide, ammonium, and pyrrolidone groups. 15 acid, and sodium sulfonate ethoxymethacrylates; and poly- 

The hydrophilic compound (c) having one or more poly- merizable oligomers containing any of these hydrophilic 

merizable unsaturated double bonds may have one or more groups and having a molecular weight of from 500 to 

hydrophilic groups in the molecule, and may have one or 50,000. 

more kinds of hydrophilic groups. From the standpoint of forming a thin hydrophilic surface 

The hydrophilic compound (c) having one or more poly- 20 l aver on tne surface of a shape (b), the hydrophilic com- 

merizable unsaturated double bonds is preferably miscible, pound (c) having one or more polymerizable unsaturated 

in any proportion, with water or with a mixed solvent double bonds for use in the hydrophilic liquid (d) is pref- 

comprising water and a water-soluble organic solvent. The erably a compound having one polymerizable unsaturated 

compound (c) is more preferably miscible with water in any double bond per molecule. From the standpoint of forming 

proportion. 25 a relatively thick hydrophilic surface layer on the surface of 

Examples of the hydrophilic compound (c) having one or * shape (b), the hydrophilic compound (c) having one or 

more polymerizable unsaturated double bonds include more polymerizable unsaturated double bonds for use in the 

monomers having one or more hydroxyl groups, such as hydrophilic liquid (d) is preferably a compound having two 

2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth) or more polymerizable unsaturated double bonds per mol- 

acrylate, and glycerol mono(meth)acrylate; monomers hav- 30 ecule - 

ing a polyethylene glycol structural unit, such as diethylene A (meth)acrylic monomer and/or oligomer each having 

glycol mono(meth)acrylate, triethylene glycol mono(meth) amino acid structure in the molecule can be used as the 

acrylate, tetraethylene glycol mono(mcth)acrylate, nonaeth- hydrophilic compound (c) having one or more polymeriz- 

ylene glycol mono(meth)acrylate, tetradecaethylene glycol able unsaturated double bonds. The term "having amino acid 

mono(meth)acrylate, trieicosaethylene glycol mono(meth) 35 structure in the molecule" as used herein means that the 

acrylate, polyethylene glycol mono(meth)acrylate, meth- molecule contains amino acid structure bonded thereto by 

oxydiethylene glycol (meth)acrylate, methoxytriethylene covalent bonding. Examples of the amino acid structure 

glycol (meth)acrylate, methoxytetraethylene glycol (meth) include those derived from tryptophane, alanine, isoleucine, 

acrylate, methoxynonaethylene glycol (meth)acrylate, meth- leucine, methionine, phenylalanine, proline, valine, 

oxytetradecaethylene glycol (meth)acrylate, methoxytrie- 40 arginine, asparagine, aspartic acid, cysteine, cystine, 

icosaethylene glycol (meth)acrylate, methoxypolyethylene glutamic acid, glutamine, glycine, histidinc, hydroxyzine, 

glycol (meth)acrylate, phenoxydiethylene glycol (meth) hydroxyproline, lysine, serine, threonine, and tyrosine and 

acrylate, phenoxytetraethylene glycol (meth)acrylate, phe- derivatives of these. The bonding of amino acid structure to 

noxyhexaethylene glycol (meth)acrylate, phenoxynonaeth- the material surface is effective not only in imparting hydro- 

ylene glycol (meth)acrylate, and phenoxypolyethylene 45 philicity to the surface but in imparting properties such as 

glycol (meth)acrylale; monomers having an amide group, biocompatibility and the ability to highly or selectively 

such as N-ethyl(meth)acrylamide, N-n-propyl(meth) adsorb substances (e.g., proteins). Two or more kinds of 

acrylamide, N-isopropyl(meth)acrylamide, N-cyclopropyl amino acids can be simultaneously bonded to the surface; by 

(meth)acrylamide, N-metbyl-N-ethyl(mefh)-acrylamide, using a suitable combination of amino acids, a new function 

N,N-dimethyI(meth)acrylamide, N,N-dietbyl(meth) 50 (e.g., antithrombotic properties, selective protein 

acrylamide, N-methyl-N-isopropyl(meth)-acrylamide, adsorptivity, or optical activity) can be imparted. 

N-methyl-N-n-propyl(meth)acrylamide, N-(meth) A (meth)acrylic monomer and/or oligomer each having 

acryloylmorpholine, N-(meth)acryloylpyrrolidine, N-(meth) saccharide structure in the molecule can be used as the 

acryloylpiperidine, N-vinyl-2-pyrrolidone, hydrophilic compound (c) having one or more polymeriz- 

N-methylenebisacrylamide, N-methoxypropyl(meth) 55 able unsaturated double bonds. The term "having saccharide 

acrylamide, N-isopropoxypropyl(meth)acrylamide, structure in the molecule" as used herein means that the 

N-ethoxypropyl(meth)-acrylamide, N-l- molecule contains saccharide structure bonded thereto by 

methoxy methylpropy 1 (me t h ) ac r y 1 a mide , covalent bonding. Examples of the saccharide include 

N-methoxyethoxypropyl(meth)acrylamide, N-l-methyl-2- monosaccharides such as glucose, galactose, and mannose 

methoxyethyl(meth)acrylamide, N-methyl-N-n-propyl 60 and derivatives of these (e.g., methyl glucoside) (these 

(meth)acrylamide, and N-(l,3-dioxolan-2-yl)(meth) monosaccharides may have a cyclic (five- or six-membered 

acrylamide; monomers having an amino group, such as ring) or chain structure), disaccharides such as maltose, 

N,N-dimethylaminoethyl (meth)acrylate, N,N- cellobiose, lactose, and sucrose and derivatives of these, 

dimethylaminopropyl(meth)acrylamide, N,N-bis oligosaccharides such as cyclodextrin and derivatives of 

(rnethoxymethyl)carbamyloxyethyl methacrylate, and 65 these, and polysaccharides such as starch. The bonding of 

N-methoxymethylcarbamyloxyethyl methacrylate; mono- saccharide structure to the material surface is preferred in 

mers having one or more carboxyl groups, such as 2-(meth) that it is effective not only in imparting hydrophilicity to the 
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surface but in reducing protein adsorptivity. Two or more 
kinds of saccharide structure can be simultaneously bonded 
to the surface; by using a combination of suitable kinds of 
saccharide structure or by incorporating other functional 
groups (e.g., sulfo groups) into the saccharide structure, a 
new function (e.g., antithrombotic properties, selective pro- 
tein adsorptivity, or optical activity) can be imparted. 

From the standpoint of facilitating the control of the 
amount of hydrophilic groups to be bonded, the hydrophilic 
liquid (d) is preferably a solution comprising a hydrophilic 
compound (c) having one or more polymerizable unsatur- 
ated double bonds and a solvent. The solvent is preferably 
water, a water-soluble solvent, a surfactant, or a mixture of 
these. In order to obtain a material having excellent hydro- 
philic surface, the solvent is more preferably water or a 
mixture containing water as the main component, most 
preferably a mixture of a surfactant and water. 

The term "water-soluble solvent" means a solvent mis- 
cible with water in any proportion. Examples of the water- 
soluble solvent include alcohols such as methanol, elbanol, 
propanol, ethylene glycol, and glycerol, acids such as acetic 
acid, ketones such as acetone, and amides such as forma- 

Any surfactant can be optionally added to the hydrophilic 
liquid (d) as long as it is soluble in the solvent containing a 
hydrophilic compound (c) having one or more polymeriz- 
able unsaturated double bonds. Examples of the surfactant 
include anionic surfactants such as sodium 
n-dodecylbenzenesulfonate, cationic surfactants such as 
n-dodecyltrimethylammonium chloride, and nonionic sur- 
factants such as polyoxyethylene sorbitan monolaurate 
(trade name, "Tween 20") and polyoxyethylene lauryl ether. 

In the case where a hydrophilic compound (c) having one 
or more polymerizable unsaturated double bonds is used as 
a solution, the concentration thereof in the hydrophilic liquid 
(d) is preferably from 0.5 to 50% by weight, more preferably 
from 3 to 30% by weight, from the standpoints of the 
hydrophilicity required of a material surface, reactivity at an 
interface, the control of the amount of hydrophilic groups to 
be bonded, and cleanability after reaction. 

In general, the higher the concentration of a hydrophilic 
compound (c) having one or more polymerizable unsatur- 
ated double bonds in the hydrophilic liquid (d), the thicker 
the hydrophilic layer fixed to the surface of the base mate- 
rial. However, if the hydrophilic layer has too large a 
thickness (e.g., 10 fan or larger on a dry basis), the base 
material in a wet state has a reduced surface strength and is 
apt to suffer the deformation or peeling of the hydrophilic 
layer. By regulating the concentration of a hydrophilic 
compound (c) having one or more polymerizable unsatur- 
ated double bonds in the hydrophilic liquid (d) to a value in 
the range specified above, a hydrophilic material can be 
obtained which shows sufficient hydrophilicity and has a 
hydrophilic surface layer not excessively thick. 

According to the processes of the present invention, by 
using a hydrophilic compound (c) comprising at least one 
hydrophiUc monomer, not only hydrophilicity can be 
imparted to the surface of a material, but also various 
substituents such as hydroxyl, saccharide-containing, 
carboxyl, phosphate, sulfo, amino, amide, quaternary 



a salt, and amino acid-containing groups and 
halogens can be easily incorporated onto the material sur- 
face. It is possible to modify an enzyme, simulated antigen, 
antibody, saccharide, or another substance and immobilize 
the same to the material surface through those substituents. 
It is also possible to simultaneously incorporate not one kind 



but two or more kinds of substituents onto the surface of the 
same material. By regulating these substituents with respect 
to the kind and incorporation amount thereof, etc., it is 
possible to control, in a wide range, the hydrophilicity, 
5 anti-fouling properties, protein adsorptivity, 
biocompatibility, and other properties required of the surface 
of a material. 

For contacting an uncured shape (b) formed from the 
hydrophobic photopolymerizable composition with the 
0 hydrophilic liquid (d), any method may be used. Examples 
of the contacting method include to immerse the shape (b) 
in the hydrophilic liquid (d), to cast or spray the hydrophilic 
liquid (d) on the surface of the shape (b), to contact the shape 
(b) with a foam of the hydrophilic liquid (d), and to 
coextrude the hydrophobic photopolymerizable composition 

15 and the hydrophilic liquid (d). Preferred among these meth- 
ods is to immerse the shape (b) in the hydrophilic liquid (d). 

The uncured shape (b) obtained by forming the hydro- 
phobic photopolymerizable composition is irradiated with 
light while keeping the shape (b) in contact with the hydro- 

20 philic liquid (d). Upon the irradiation, an active substance, 
such as radicals, anions, or cations, generates within the 
shape (b) or on the surface thereof and causes the hydro- 
phobic compound (a) having two or more polymerizable 
unsaturated double bonds to polymerize. The active sub- 

25 stance generated or the active substance present on polymer 
chains formed by the polymerization of the hydrophobic 
compound (a) having two or more polymerizable unsatur- 
ated double bonds induces, on the surface of the shape (b), 
the polymerization of the hydrophilic compound (c) having 

30 one or more polymerizable unsaturated double bonds which 
is contained in Ihe hydrophilic liquid (d). These polymer- 
ization reactions, which have thus begun with one active 
substance, end substantially in a moment. These polymer- 
ization reactions include: the homopolymerization of the 

35 hydrophobic compound (a) having two or more polymeriz- 
able unsaturated double bonds which occurs within the 
shape (b); the copolymerization of the hydrophobic com- 
pound (a) having two or more polymerizable unsaturated 
double bonds with the hydrophilic compound (c) having one 

40 or more polymerizable unsaturated double bonds which 
occurs at the interface between the shape (b) and the 
hydrophilic liquid (d); and the homopolymerization of the 
hydrophilic compound (c) having one or more polymeriz- 
able unsaturated double bonds which occurs in the hydro- 

45 philic liquid (d) in its part close to that interface. As a result, 
a block copolymer of the hydrophobic compound (a) having 
two or more polymerizable unsaturated double bonds and 
the hydrophilic compound (c) having one or more polymer- 
izable unsaturated double bonds is formed. Consequently, 

50 neither the hydrophilic compound (c) having one or more 
polymerizable unsaturated double bonds nor its polymer is 
present inside the base material formed by curing the shape 

(b) , and the compound (c) or its polymer is bonded only to 
the surface of the base material. The amount of the hydro- 

55 philic groups bonded to the surface of the base material [i.e., 
the amount of the polymer formed from the hydrophilic 
compound (c) having one or more polymerizable unsatur- 
ated double bonds] can be regulated by controlling the 
concentration of the hydrophilic compound (c) having one 

60 or more polymerizable unsaturated double bonds, reaction 
temperature, the concentration of a photopolymerization 
initiator in the hydrophobic photopolymerizable 
composition, light intensity, etc. The hydrophilic compound 

(c) having one or more polymerizable unsaturated double 
bonds which has been fixed to the surface of the base 
material can be present not as a polymer but as 
molecules. 
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In the processes of the present invention, part of the 
hydrophilic compound (c) having one or more polymeriz- 
able unsaturated double bonds used is bonded to the surface 
of the base material obtained by curing the shape (b) of the 
hydrophobic photopolymerizable composition, while the 
' " sr thereof remains uncured in the hydrophilic liquid 



The hydrophilic material obtained by the present inven- 
tion is not particularly limited in shape, as long as it can be 
produced through light irradiation. For example, the material 
may be in the form of a fiber, hollow fiber, tube, cylinder, 
particle, capsule, film, plate, or coating film, or in any other 
form. From the standpoint of easiness of material operation, 
the hydrophilic material is preferably in the form of a film 
or coating film. The hydrophilic material may be in a form 
united to a substrate or another material. The hydrophilic 
material may be a homogeneous material, a porous material, 
or a patterned material, or may have another structure. 

A porous material may be produced, for example, as 
follows. A hydrophobic photopolymerizable composition 
containing a hydrophobic compound (a) having two or more 
polymerizable unsaturated double bonds per molecule and 
an ingredient which is miscible with the hydrophobic com- 
pound (a) but is inmiscible with a cured polymer to be 
formed from the hydrophobic compound (a) is formed. 
(That ingredient is called a poor solvent or a phase separator; 
hereinafter referred to as "poor solvent".) The resultant 
shape is polymerized and cured, e.g., by conducting precure, 
which will be described later. Thereafter, the poor solvent is 
removed to obtain a porous material. Since the hydrophobic 
compound (a) having two or more polymerizable unsatur- 
ated double bonds per molecule becomes inmiscible with the 
poor solvent upon polymerization, phase separation occurs 
and the shape solidifies to form a network structure. This 
cured shape is washed to remove the poor solvent. Thus, a 
porous material having interconnected pores can be 
obtained. 

Examples of the poor solvent include alkyl esters of fatty 
acids, such as diisobutyl adipate, methyl caprylate, methyl 
caprate, and methyl laurate; ketones such as diisobutyl 
ketone; and nonionic surfactants such as polyethylene glycol 
monolaurate and polyethylene glycol monolauryl ether. 

Methods for forming the hydrophobic photopolymeriz- 
able composition are not particularly limited. Examples 
thereof include coating with a coater or by spraying, extru- 
sion through a nozzle, and casting into a mold. In the case 
where the hydrophobic photopolymerizable composition is 
to be applied thinly and evenly or applied to an object of a 
complicated shape or a porous material (e.g., a microporous 
membrane) or to a surface of a nonwoven or woven fabric 
(including micropores and fiber surfaces), use may be made 
of a method comprising dissolving the hydrophobic photo- 
polymerizable composition in a solvent, applying the solu- 
tion by coating, spraying, or dipping, subsequently option- 
ally removing the excess solution, and then evaporating the 
solvent. Any solvent may be used for this method as long as 
the hydrophobic photopolymerizable composition can dis- 
solve therein. However, a relatively highly volatile solvent 
is preferred from the standpoint of the necessity of drying 
the shape after coating. Examples of such a solvent include 
alcohols such as methanol, ethanol, 1-propanol, and 
2-propanol; ketones such as acetone and methyl ethyl 
ketone; ethers such as diethyl ether; esters such as ethyl 
acetate; hydrocarbons such as hexane and toluene; and 
chlorinated solvents such as dichloromethane and dichloro- 

After the hydrophobic photopolymerizable composition is 
formed, the shape (b) may be preliminarily cured by irra- 



diation with light. If the hydrophobic photopolymerizable 
composition has a low viscosity, the shape (b) of the 
hydrophobic photopolymerizable composition may be less 
apt to retain its shape when in contact with the hydrophilic 

5 liquid (d) containing a hydrophilic compound (c) having one 
or more polymerizable unsaturated double bonds. In this 
case, use may be made of a method comprising procuring 
(incompletely curing) the shape (b) beforehand with actinic 
rays, bringing the precured shape into contact with the 

10 hydrophilic liquid (d), and then conducting irradiating with 
light. This method is preferred in that the shape (b) comes to 
have improved surface smoothness. If the shape (b) is 
precured excessively, the amount of hydrophilic groups 
which can be incorporated onto the material surface is too 

15 small. It is therefore necessary to conduct the precure to such 
a degree that polymerizable unsaturated double bonds of the 
hydrophobic photopolymerizable composition remain in a 
sufficient amount. The optimal conditions therefor can be 
determined through a simple experiment. Although the 

20 precure may be conducted in a nitrogen atmosphere for a 
short time, the shape is preferably incompletely cured for a 
short time in air, in which the hydrophobic photopolymer- 
izable composition does not polymerize completely, i.e., the 
polymerization of the composition is apt to be inhibited. 

25 Examples of the actinic rays used in the processes of the 
present invention include ultraviolet rays, visible rays, and 
infrared rays. Preferred among these actinic rays from the 
standpoint of the rate of polymerization/curing are ultravio- 
let rays and visible rays, in particular ultraviolet rays. If 

30 ultraviolet rays having too short a wavelength are used, a 
larger number of compounds having one or more polymer- 
izable unsaturated double bonds undesirably polymerize 
even in the absence of a photopolymerization initiator, so 
that a hydrophilic compound (c) having one or more poly- 

35 merizable unsaturated double bonds should be selected from 
a narrower range. Consequently, it is preferred to use actinic 
rays having a main wavelength of 300 nm or longer, in 
particular 350 nm or longer. Energy rays such as electron 
beams, X rays, or y rays are usable besides actinic rays. 

40 However, actinic rays are most preferably used from the 
standpoint of diminishing the amount of polymers of a 
hydrophilic compound (c) having one or more polymeriz- 
able unsaturated double bonds which polymers are not 
bonded to the base material. The intensity of the actinic rays 

45 with which the shape is irradiated is preferably from 1 to 
5,000 mW/cm 2 , more preferably from 10 to 2,000 mW/cm 2 . 
For the purpose of heightening the rate of polymerization/ 
curing to complete the polymerization, the light irradiation 
is preferably conducted in an inert gas atmosphere. The 

50 dissolved oxygen is preferably removed beforehand from 
the hydrophilic liquid (d) containing a hydrophilic com- 
pound (c) having one or more polymerizable unsaturated 
double bonds. It is also preferred to remove the dissolved 
oxygen beforehand from the hydrophobic photopolymeriz- 

55 able composition containing a hydrophobic compound (a) 
having two or more polymerizable unsaturated double 

The photopolymerization is not particularly limited in 
temperature. In a range up to about 70° C, higher tempera- 

60 hires are preferred in that a material having higher hydro- 
philicity is obtained. When operational conditions also are 
taken in account, temperatures in the range of about from 
room temperature to about 50° C. are preferred. Curing by 
light irradiation may, of course, be conducted batch-wise or 

65 continuously. In the case where curing by light irradiation is 
conducted batch-wise, use may be made of a method in 
which a shape obtained is immediately precured by irradia- 
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tion with light, and the resultant precured material is com- The present invention will be explained below in more 

pletely cured by irradiation with light while keeping the detail by reference to Examples and Comparative Examples, 

precured material in contact with the hydrophilic liquid (d) but the invention should not be construed as being limited to 

containing a hydrophilic compound (c) having one or more the scope of these Examples. In the following Examples, all 

polymerizable unsaturated double bonds. 5 "parts" and "percents" are by weight unless otherwise 

In the case where the unreacted reactants, polymerization indicated, 
initiator, etc. should be removed from the material after 

polymerization/curing as in the case where the base material Definition of Examination Items 

is a porous material, the removal can be acc»mpteted by For examinin the materia]s havi hydrophmt: surface 

washing, drying, suction, replacement, etc. After the M obtained * fo]lowi £ ^ F c ative 

removal of those residual substances, the material can be , f . J=,. . *L„ „ . 

irradiatedwithultravioletra yS (postairing).Aheattreatment ^mples, the f f °™ g , methods were used, 

can be conducted after curing by light irradiation or after the (1) Measurement of Water Contact Angle 

removal of residual substances to thereby completely The contact angle between a material havmg hydrophihc 

remove the unreacted monomers and the residual solvent. surface and water was measured with contact angle meter 

That a hydrophilic layer has been formed on the surface 15 ^ CA ' D > manufactured by Kyowa Science K.K., Japan, 

of a base material according to the present invention can be based ° n the ^°P let method, 

judged by ascertaining a decrease in contact angle between (2) Elemental Analysis of Material Surface 

the surface and water. The material having hydrophilic The elemental analysis of a hydrophilized material sur- 

surface produced by the processes of the present invention face was conducted by photoelectronic spectroscopy using 

preferably has a contact angle with water smaller by at least 20 X-ray excitation (ESCA). The results obtained for each 

5 degrees than that of the material on which the hydrophihc sample are given in terms of elemental composition to show 

layer has not been formed. For use in applications in which the relative number of atoms of each element. The analysis 

the material having hydrophilic surface is required not to was conducted with X-ray photoelectroD analyzer Type 

adsorb hydrophobic substances, the hydrophilic material ESCA 850, manufactured by Shimadzu Corp., Japan, under 

desirably has a contact angle with water smaller than that of 25 the conditions of an angle between the material surface and 

the corresponding untreated hydrophobic material by the photoelectron detector (9) of 15°. 
degrees as much as possible, preferably by at least 10 

degrees, more preferably by at least 20 degrees. In this case, EXAMPLE 1 

the contact angle of the material having hydrophihc surface (dicyclopentanyl 

according to the present invention with water is preferably 30 di Z; manufactured bj Nippon KayaJ Co., Ltd" 

HZ l^t^li^f^ltr mnTnref 1 Ja P a "> was homogeneously mixed with 2 parte of "Irgacure 

smaller more preferably 30 degrees or smaller, most pref- £„ ' ^^^^ mitiator maau f ac tured by Ciba- 

erably 10 degrees or smaller. However, for use in applica- „ . i. . , , ... , , , . 

' n which a function such as selective adsorptivity or JS^^***™ hy*ophob,cphotopolymenzable com- 



biocompatibility is desired, it is not always true that the 35 

smallest possible contact angle with water is preferred. , 0a the otter hand, 1 part of Lightester DQ-75 

The hydrophilic layer of the material having hydrophilic (itemized dimethylaminoetbyl methacrylate; monomer 

surface produced by the present invention can have a J™"? « gIOUP " anufactured * K ^ ish " 

thickness of 100 /an or smaller, preferably 30/mi or smaUer, oo ^ f °''.'n -i' T "? T. Tf \ 

more preferably S^m or smaller, on a dry basis. The lower 40 99 partS ° f djStlUed Water '° ° btlm hydr ° ph ^ hq ™ ^ 

limit of thickness of the hydrophihc layer need not be Hydrophobic photopolymenzable composition (A-l) was 

particularly specified, because it depends on the size of applied to a glass plate with a coater in a thickness of 250 

molecules. If the thickness of the hydrophilic layer is larger <" m - ^ 8 lass P late was P laced in hydrophilic liquid 

than the upper limit, the layer is apt to peel off the surface ( D1 )> immediately irradiated with 100 mW/cm 2 ultraviolet 

due to a dimensional change upon swelling. The hydrophilic 45 ra y s for 40 seconds, and then taken out. The cured film thus 

layer can be designed to have a suitable thickness within the obtained was immersed in ethanol for 20 minutes, subse- 

above range according to the intended use. The hydrophihc quently rinsed with running water for 1 hour, and then 

layer need not cover the whole surface of the base material. air-dried overnight to obtain a material having hydrophihc 

For example, the base material surface may have minute surface ln a coatln g mm form. 

uncovered parts of about the molecular size. The hydrophihc 50 The surface of the material having hydrophilic surface 

layer may also have a structure formed by photolithography was subjected to the measurement of water contact angle 

or another technique so that only the necessary parts of the and elemental analysis. The results obtained are shown in 

surface of the base material are covered therewith. Table 1. The hydrophihc surface layer of the material having 

In the material having hydrophilic surface obtained by the hydrophilic surface obtained above had a thickness not 

processes of the present invention, the hydrophilic com- 55 lar S er than 10 A™- M shown in Comparative Examples 1 

pound (c) is present substantially only on the surface of the and 2, the base material of the above-obtained material 

base material, and the compound (c) has been bonded bimrjg hydrophihc surface did not swell in 20° C. water, 

thereto chemically. Substantially no hydrophilic compound The hydrophilic monomer used in this Example 

(c) is present inside the base material, for example, as a ("Lightester DQ-75") had an element ratio of C:0:N- 

copolymer or a blend. In the case where the base material is 60 75:18:8. The closer the results of elemental analysis of the 

a porous material, the term "inside of the base material" hydrophilic monomer to the results of elemental analysis of 

means the inside of the polymer constituting the base the material surface, the larger the amount of hydrophihc 

material, and the surfaces of the pores are regarded as part groups (the amount of the hydrophihc monomer) bonded to 

of the surface of the base material. Since the base material the material surface and the higher the imparted hydrophihc 

is made of a polymer different from that constituting the 65 surface. 

hydrophilic surface layer, it does not suffer a property Even when hydrophihc liquid (D-l) was irradiated with 

decrease especially in a wet state. 100 mW/cm 2 ultraviolet rays for 40 seconds, neither a cured 
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a gel precipitated from the hydrophilic liquid 
(D-l). This hydrophilic liquid (D-l) was analyzed by gel 
permeation chromatography (GPC). As a result, the concen- 
tration of the hydrophilic monomer in the hydrophilic liquid 
(D-l) was found to be almost the same as the initial value, 
showing that the amount of a polymer yielded was negli- 
gible. 

EXAMPLE 2 

Five parts of "Lightester DQ-75" (quaternized dimethy- 
laminoethyl methacrylate) was homogeneously mixed with 
95 parts of distilled water to obtain hydrophilic liquid (D-2). 

A material having hydrophilic surface in a coating film 
form was produced in the same manner as in Example 1, 
except that hydrophilic liquid (D-2) was used in place of 
hydrophilic liquid (D-l). The surface of the material was 
subjected to the measurement of water contact angle and 
elemental analysis. The results obtained are shown in Table 
1. The hydrophilic surface layer of the material having 
hydrophilic surface obtained above had a thickness not 
larger than 10 fan. 

Even when hydrophilic liquid (D-2) was irradiated with 
100 mW/cm 2 ultraviolet rays for 40 seconds, neither a cured 
substance nor a gel precipitated from the aqueous solution. 
This hydrophilic liquid (D-2) was analyzed by GPC. As a 
result, the concentration of the hydrophilic monomer in the 
hydrophilic liquid (D-2) was found to be almost the same as 
the initial value, showing that the amount of a polymer 
yielded was negligible. 

EXAMPLE 3 

Ten parts of "Lightester DQ-75" (quaternized dimetay- 
laminoethyl methacrylate) was homogeneously mixed with 
90 parts of distilled water to obtain hydrophilic liquid (D-3). 

Subsequently, the photopolymerizable composition (A-l) 
used in Example 1 was applied to a glass plate with a coater 
in a thickness of 250 fan. The resultant coating was pre- 
liminarily irradiated in air with 100 mW/cm 2 ultraviolet rays 
for 3 seconds. Thereafter, the coated glass plate was placed 
in hydrophilic liquid (D-3), irradiated with 100 mW/cm 2 
ultraviolet rays for 40 seconds, and then taken out. The cured 
film thus obtained was immersed in ethanol for 20 minutes, 
subsequently rinsed with running water for 1 hour, and then 
air-dried overnight to obtain a material having hydrophilic 
surface in a coating film form (Example 3-1). Furthermore, 
materials having hydrophilic surface were produced in the 
same manner as in Example 3-1, except that the hydrophilic 
liquid (D-3) of which the glass plate coated with the material 
having hydrophilic surface produced by the method 
described above had been taken out was reused repeatedly. 
Thus, five materials having hydrophilic surface were pro- 
duced in total. The materials thus produced were subjected 
to the same treatment as the material having hydrophilic 
surface produced in Example 3-1. 

The surface of each of the first (Example 3-1) and the fifth 
(Example 3-2) materials having hydrophilic surface thus 
obtained was subjected to the measurement of water contact 
angle and elemental analysis. The results obtained are shown 
in Table 1. The hydrophilic surface layers of the materials 
having hydrophilic surface obtained above each had a thick- 
ness not larger than 10 fan. 

Even when hydrophilic liquid (D-3) was repeatedly irra- 
diated with 100 mW/cm 2 ultraviolet rays for 40 seconds for 
each irradiation, neither a cured substance nor a gel precipi- 
tated from the hydrophilic liquid (D-3). This hydrophilic 
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liquid (D-3) was analyzed by GPC. As a result, the concen- 
tration of the hydrophilic monomer in the hydrophilic liquid 
(D-3) was found to be almost the same as the initial value, 
showing that the amount of a polymer yielded from the 

5 hydrophilic monomer was negligible. 

The above results and the fact that the first and the fifth 
materials had the same degree of hydrophilicity as shown in 
Table 1 indicate that only a part of the hydrophilic monomer 
present in hydrophilic liquid (D-3) was fixed to the surface 

10 of each material having hydrophilicity and the hydrophilic 
liquid (D-3) was repeatedly usable. 

EXAMPLE 4 

15 Ten parts of "Lightester DQ-75" (quaternized dimethy- 
laminoethyl methacrylate) was homogeneously mixed with 
89.5 parts of distilled water and 0.5 part of a surfactant 
[polyethylene glycol (n=10) monolaurate] to obtain hydro- 
philic liquid (D-4). 

20 A material having hydrophilic surface in a coating film 
form was produced in the same manner as in Example 1, 
except that hydrophilic liquid (D-4) was used in place of 
hydrophilic liquid (D-l). The surface of the materia] was 
subjected to the measurement of water contact angle and 

25 elemental analysis. The results obtained are shown in Table 
1. The hydrophilic surface layer of the material having 
hydrophilic surface obtained above had a thickness not 
larger than 10 fan. 

Even when hydrophilic liquid (D-4) was irradiated with 

30 100 mW/cm 2 ultraviolet rays for 40 seconds, neither a cured 
substance nor a gel precipitated from the hydrophilic liquid 
(D-4). This hydrophilic liquid (D-4) was analyzed by GPC. 
As a result, the concentration of the hydrophilic monomer in 
the hydrophilic liquid (D-4) was found to be almost the same 

35 as the initial value, showing that the amount of a polymer 
yielded was negligible. 

EXAMPLE 5 

Ninety-eight parts of "New Frontier BPE-4" (bisphenol A 

40 diacrylate modified with diethylene oxide; manufactured by 
Dai-ichi Kogyo Seiyaku Co., Ltd., Japan) was homoge- 
neously mixed with 2 parts of "Irgacure 184" 
(photopolymerization initiator) to obtain hydrophobic pho- 
topolymerizable composition (A-5). 

On the other hand, 5 parts of "Lightester PA" [mono(2- 
acryloyloxyethyl) acid phosphate; hydrophilic monomer 
manufactured by Kyoeisha Chemical Co., Ltd.] was homo- 
geneously mixed with 95 parts of distilled water to obtain 

J0 hydrophilic liquid (D-5). 

A material having hydrophilic surface in a coating film 
form was produced in the same manner as in Example 1, 
except that hydrophobic photopolymerizable composition 
(A-5) was used in place of hydrophobic photopolymerizable 

S5 composition (A-l), and that hydrophilic liquid (D-5) was 
used in place of hydrophilic liquid (D-l). The surface of the 
material was subjected to the measurement of water contact 
angle and elemental analysis. The results obtained are shown 
in Table 1. The base material of this material having hydro- 

so philic surface did not swell in 20° C. water. The hydrophilic 
surface layer of the material having hydrophilic surface 
obtained above had a thickness not larger than 10 fan. 

The hydrophilic monomer used in this Example 
("Lightester PA") had an element ratio of C:O:P-42:50:8. 

65 Even when hydrophilic liquid (D-5) was irradiated with 
100 mW/cm 2 ultraviolet rays for 40 seconds, neither a cured 
substance nor a gel precipitated from the hydrophilic liquid 
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(D-S). This hydrophilic liquid (D-S) was analyzed by GPC. 
As a result, the concentration of the hydrophilic monomer in 
the hydrophilic liquid (D-S) was found to be almost the same 
as the initial value, showing that the amount of a polymer 
yielded was negligible. 

EXAMPLE 6 

Eleven parts of "DMAA" (N,N-dimethylacrylamide; 
hydrophilic monomer manufactured by Kohjin Co., Ltd., 
Japan) was homogeneously mixed with 89 parts of distilled 
water to obtain hydrophilic liquid (D-6). 

A material having hydrophilic surface in a coating film 
form was produced in the same manner as in Example 1, 
except that hydrophobic photopolymerizable composition 
(A-5) used in Example 5 was used in place of hydrophobic 
photopolymerizable composition (A-l), and that hydrophilic 
liquid (D-6) was used in place of hydrophilic liquid (D-l). 
The surface of the material was subjected to the measure- 
ment of water contact angle and elemental analysis. The 
results obtained are shown in Table 1. The hydrophilic 
surface layer of the material having hydrophilic surface 
obtained above had a thickness not larger than 10 ftm. 

The hydrophilic monomer used in this Example 
("DMAA") had an element ratio of C:0:N=72:14:14. 

Even when hydrophilic liquid (D-6) was irradiated with 
100 mW/cra 2 ultraviolet rays for 40 seconds, neither a cured 
substance nor a gel precipitated from the hydrophilic liquid 
(D-6). This hydrophilic liquid (D-6) was analyzed by GPC. 
As a result, the concentration of the hydrophilic monomer in 
the hydrophilic liquid (D-6) was found to be almost the same 
as the initial value, showing that the amount of a polymer 
yielded was negligible. 

EXAMPLE 7 

A material having hydrophilic surface in a coating film 
form was produced in the same manner as in Example 1, 
except that hydrophobic photopolymerizable composition 
(A-5) used in Example 5 was used in place of hydrophobic 
photopolymerizable composition (A-l), and that hydrophilic 
liquid (D-6) used in Example 6 was used after being heated 
to 50° C. in place of hydrophilic liquid (D-l). The surface of 
the material was subjected to the measurement of water 
contact angle and elemental analysis. The results obtained 
are shown in Table 1. The hydrophilic surface layer of the 
material having hydrophilic surface obtained above had a 
thickness not larger than 10 ftm. 

Even when the hydrophilic liquid (D-6) heated to 50° C. 
was irradiated with 100 mW/cm 2 ultraviolet rays for 40 
seconds, neither a cured substance nor a gel precipitated 
from the hydrophilic liquid (D-6). This hydrophilic liquid 
(D-6) was analyzed by GPC. As a result, the concentration 
of the hydrophilic monomer in the hydrophilic liquid (D-6) 
was found to be almost the same as the initial value, showing 
that the amount of a polymer yielded was negligible. 

EXAMPLE 8 
(Synthesis of 6-acryloyl(l-0-)n-butyl glucoside) 

A mixture of 1 part of butyl glucoside, 95 parts of methyl 
acrylate (containing a small amount of methoxyphenol as a 
polymerization inhibitor), and 1 part by weight of lipase QL 
(Alcalingenes sp.; manufactured by Meito Sangyo K.K., 
Japan) was reacted at 80° C. with stirring for 8 hours using 
an apparatus packed with a molecular sieve (Type 4A) as a 
tank for removing by-products. During the reaction, 1 part 
by weight each of butyl glucoside and the enzyme were 
added 4 times at an interval of 1 hour until 4 hours had 
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passed since initiation of the reaction. Thus, butyl glucoside 
and the enzyme each was added in a total amount of 5%. 
Through the 8-hour reaction, 6-acryloyl(l-0-)n-butyl glu- 
coside as the target compound was formed in a yield of 28% . 

5 After the reaction mixture was cooled, it was filtered to 
remove the enzyme and the substrate remaining unreacted. 
Thereafter, the methyl acrylate remaining unreacted was 
removed under vacuum to purify the target 6-acryloyl(l-0- 
)n-butyl glucoside. 

10 (Preparation of hydrophilic liquid) 

Ten parts of 6-acryloyl(l-0-)n-butyl glucoside 
(hydrophilic monomer having saccharide structure in the 
molecule; hereinafter abbreviated as "ABG") was homoge- 
neously mixed with 90 parts of distilled water to obtain 

15 hydrophilic liquid (D-8). 

(Preparation of material having hydrophilic surface) 

A material having hydrophilic surface in a coating film 
form was produced in the same manner as in Example 1, 
except that hydrophobic photopolymerizable composition 

20 (A-5) used in Example 5 was used in place of hydrophobic 
photopolymerizable composition (A-l), and that hydrophilic 
liquid (D-8) was used in place of hydrophilic liquid (D-l). 
The surface of the material was subjected to the measure- 
ment of water contact angle and elemental analysis. The 

25 results obtained are shown in Table 1. The hydrophilic 
surface layer of the material having hydrophilic surface 
obtained above had a thickness not larger than 10 ftm. 

The hydrophilic monomer used in this Example 
(6-acryloyl(l-0-)n-butyl glucoside) had an element ratio of 

30 C:0-65:35. 

Even when hydrophilic liquid (D-8) was irradiated with 
100 mW/cm 2 ultraviolet rays for 40 seconds, neither a cured 
substance nor a gel precipitated from the hydrophilic liquid 
(D-8). This hydrophilic liquid (D-8) was analyzed by GPC. 

35 As a result, the concentration of the hydrophilic monomer in 
the hydrophilic liquid (D-8) was found to be almost the same 
as the initial value, showing that the amount of a polymer 
yielded was negligible. 

EXAMPLE 9 

Ten parts of a monomer having amino acid structure and 
synthesized from 2-isocyanatoethyl methacrylate (MOT) and 
aspartic acid (Asp) (N-methacryloyloxyethylcarbamic acid- 
aspartic acid; hereinafter abbreviated as "MOI-Asp") was 

45 homogeneously mixed with 70 parts of 2-propanol and 30 
parts of distilled water to obtain hydrophilic liquid (D-9). 

A material having hydrophilic surface in a coating film 
form was produced in the same manner as in Example 1, 
except that hydrophobic photopolymerizable composition 

50 (A-5) used in Example 5 was used in place of hydrophobic 
photopolymerizable composition (A-l), and that hydrophilic 
liquid (D-9) was .used in place of hydrophilic liquid (D-l). 
The surface of the material was subjected to the measure- 
ment of water contact angle and elemental analysis. The 

55 results obtained are shown in Table 1. The hydrophilic 
surface layer of the material having hydrophilic surface 
obtained above had a thickness not larger than 10 ftm. 

The hydrophilic monomer used in this Example (MOI- 
Asp) had an element ratio of C:O:N-55:35:10. 

60 Even when hydrophilic liquid (D-9) was irradiated with 
100 mW/cm 2 ultraviolet rays for 40 seconds, neither a cured 
substance nor a gel precipitated from the hydrophilic liquid 
(D-9). This hydrophilic liquid (D-9) was analyzed by GPC. 
As a result, the concentration of the hydrophilic monomer in 

65 the hydrophilic liquid (D-9) was found to be almost the same 
as the initial value, showing that the amount of a polymer 
yielded was negligible. 
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COMPARATIVE EXAMPLE 1 

Hydrophobic photopolymerizable composition (A-l) 
used in Example 1 was applied to a glass plate with a coater 
in a thickness of 250 fan. The coated glass plate was placed 
in water, immediately irradiated with 100 mW/cm 2 ultra- 
violet rays for 40 seconds, and then taken out. The cured film 
thus obtained was immersed in ethanol for 20 minutes, 
subsequently rinsed with running water for 1 hour, and then 
air-dried overnight to obtain a material in a coating film 
form. 

The surface of the thus-obtained material in a coating film 
form was subjected to the measurement of water contact 
angle and elemental analysis. The results obtained are shown 
in Table 1. This film-form material did not swell in 20° C. 

COMPARATIVE EXAMPLE 2 

Hydrophobic photopolymerizable composition (A-l) 
used in Example 1 was applied to a glass plate with a coater 
in a thickness of 250 fan. The resultant coating was irradi- 
ated with 100 mW/cm 2 ultraviolet rays in a nitrogen atmo- 
sphere for 40 seconds. The cured film thus obtained was 
immersed in ethanol for 20 minutes, subsequently rinsed 
with running water for 1 hour, and then air-dried overnight 
to obtain a material in a coating film form. 

The surface of the thus-obtained material in a coating film 
form was subjected to the measurement of water contact 
angle and elemental analysis. The results obtained are shown 
in Table 1. 

COMPARATIVE EXAMPLE 3 

Seventy parts of "Kayarad R-684" (dicyclopentanyl 
diacrylate) was homogeneously mixed with 30 parts of "NK 
Ester AM-90G" (methoxynonaethylene glycol acrylate; 
hydrophilic monomer manufactured by Shinnakamura 
Chemical Industrial Co., Ltd., Japan) and 2 parts of "Irga- 
cure 184" (photopolymerization initiator). Thus, photopoly- 
merizable composition (A'-3) was obtained, which con- 
tained the hydrophilic monomer. 

Photopolymerizable composition (A'-3) was applied to a 
glass plate with a coater in a thickness of 250 fan. The 
resultant coating was irradiated with 100 mW/cm 2 ultravio- 
let rays in a nitrogen atmosphere for 40 seconds. The cured 
film thus obtained was immersed in ethanol for 20 minutes, 
subsequently rinsed with running water for 1 hour, and then 
air-dried overnight to obtain a material in a coating film 

The surface of the thus-obtained material in a coating film 
form was subjected to the measurement of water contact 
angle and elemental analysis. The results obtained are shown 
in Table 1. 

The hydrophilic monomer used in this Comparative 
Example ("NK Ester AM-90G") had an element ratio of 
C:0=67:33. Photopolymerizable composition (A'-3) used in 
this Comparative Example was unable to be polymerized 
and cured in water because it underwent phase separation in 
water. The material obtained above swelled several times in 

COMPARATIVE EXAMPLE 4 
Seventy parts of "Kayarad R-684" (dicyclopentanyl 
diacrylate) was homogeneously mixed with 30 parts of 
"Lightester DQ-75" (quaternized dimethylaminoethyl 
methacrylate) and 2 parts of "Irgacure 184" 
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(photopolymerization initiator). Thus, photopolymerizable 
composition (A' -4) was obtained, which contained the 
hydrophilic monomer. 
Photopolymerizable composition (A'-4) was applied to a 

5 glass plate with a coater in a thickness of 250 pun. The 
resultant coating was irradiated with 100 mW/cm 2 ultravio- 
let rays in a nitrogen atmosphere for 40 seconds. The cured 
film thus obtained was immersed in ethanol for 20 minutes, 
subsequently rinsed with running water for 1 hour, and then 

10 air-dried overnight to obtain a material in a coating film 

The surface of the thus-obtained material in a coating film 
form was subjected to the measurement of water contact 
angle and elemental analysis. The results obtained are shown 
15 in Table 1. 

Photopolymerizable composition (A 1 -4) used in this Com- 
parative Example was unable to be polymerized and cured 
in water because it underwent phase separation in water. The 
material obtained above swelled several times in water. 

COMPARATIVE EXAMPLE 5 
To 100 parts of hydrophilic liquid (D-3) used in Example 
3 was added 2 parts of "Darocur 953" (photopolymerization 
initiator manufactured by Merck). Thus, hydrophilic liquid 

25 (D'-2) was obtained. 

Five materials having hydrophilic surface each in a coat- 
ing film form were produced in the same manner as in 
Example 3, except that hydrophilic liquid (D'-2) was used in 

30 place of hydrophilic liquid (D-3). The first (Comparative 
Example 5-1) and the fifth (Comparative Example 5-2) 
materials were subjected to the measurement of water con- 
tact angle and surface elemental analysis. The results 
obtained are shown in Table 1. The thickness of the hydro- 

3J philic surface layer of each of the thus-obtained materials 
having hydrophilic surface was too small (not larger than 1 
pari) to be determined through an examination of a thickness- 
direction section of the coating film with a scanning electron 
microscope. 

40 A comparison between Example 3 and this Comparative 
Example shows the following. Use of the hydrophilic liquid 
containing a photopolymerization initiator give materials 
having reduced hydrophilic surface. In addition, as the 
number of materials produced with the hydrophilic liquid 

45 increases, the degree of hydrophilic surface becomes lower. 
Hydrophilic liquid (D'-2) was irradiated with 100 
mW/cm 2 ultraviolet rays for 40 seconds and then examined 
by GPC. As a result, it was ascertained that about 35% of the 
hydrophilic monomer contained in the hydrophilic liquid 

50 (D'-2) had changed into an oligomer having an average 
molecular weight of about 3,000. Namely, a large proportion 
of the hydrophilic compound was consumed through poly- 
merization without being bonded to the base material. It is 
therefore apparent that hydrophilic liquid (D'-2) was unable 

55 to be used repeatedly. 

COMPARATIVE EXAMPLE 6 
A material in a coating film form was obtained in the same 
manner as in Example 3-1, except that irradiation with 

50 ultraviolet rays was conducted in a nitrogen atmosphere for 
40 seconds. 

The surface of the thus-obtained material in a coating film 
form was subjected to the measurement of water contact 
angle and elemental analysis. The results obtained are shown 
65 in Table 1. 

The surface state of the material obtained in Comparative 
Example 6 was almost the same as that of the material 
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obtained in Comparative Example 2, in which curing was 
conducted in a nitrogen stream only. It is apparent from the 
above results that when precuring is conducted to such a 
degree as to completely cure the hydrophobic photopoly- 
merizable composition (A), the surface of the material in a 
coating film form finally obtained remains unhydrophilized. 



J,073 

22 

Subsequently, a nozzle having a core extrusion opening 
disposed at the center and having a diameter of 2 mm and a 
circular extrusion opening disposed outside the core extru- 
sion opening and having an inner diameter of 5 mm and a slit 
i width of 1.5 mm was used to extrude, in air, photopolymer- 
izable composition (A-10) through the core extrusion open- 



C:0:N - 75:17:8 



Example 9 
Comparative 
Example 1 
Comparative 



CO:N = 75:20:5 Lightester DO-75 

CO:N - 75:20:5 Lightester DQ-75 

C:0:N = 75:19:6 Lightester DQ-75 

DO:P - 50:43:7 Lightester PA 

C:0:N - 77:18:5 DMAA 

C:0:N - 74:13:13 DMAA 

QO:N - 69:31:0 ABG 



C;0:N = 75:17:8 
C;0:N = 75:17:8 
C:0:N - 75:17:8 
C:0:P - 42:50:8 
C:0:N - 72:14:14 
C:D:N = 72:14:14 
C:0:N = 65:35:0 
C:0:N = 55:35:10 



C:0:N - 82:18:0 — — 

C:0:N - 79:21:0 NK Ester AM-90G C:0:N - 67:33:0 

C:0:N = 75:19:6 Lightester DO-75 C:0:N - 75:17:8 



GO:N - 78:18:4 Lightester DQ-75 C:OrN - 75:17:8 
C:0:N - 80:19:1 Lightester DQ-75 C:0:N - 75:17:8 
C:Q:N - 82:18:0 Lightester DQ-75 C:0:N - 75:17:8 



In the Table, ABG means 6-actyloyl(l-0)n-butyl 
glucoside, and MOI-Asp means 40 
N-methacryloyloxyethylcarbamic acid-aspartic acid. 

The results for Examples 1 to 3 given in Table 1 show that 
as the concentration of the hydrophilic monomer (Lightester 
DQ-75) in hydrophilic liquid (d) is increased, the results of 
elemental analysis of the material surface become close to 45 
the element ratio of the hydrophilic monomer, i.e., the 
amount of hydrophilic groups bonded to the material surface 
increases. As a result, the material surface comes to have 
significantly enhanced hydrophilicity and a reduced contact 
angle with water. J0 

The results for Examples 3 and 4 given in Table 1 show 
that by incorporating a surfactant into hydrophilic liquid (d), 
a surface having higher hydrophilicity can be obtained. 
Furthermore, the results for Examples 6 and 7 given in Table 
1 show that by using a higher temperature to conduct 
polymerization/curing, a larger amount of hydrophilic 55 
groups can be bonded to the material surface. 

EXAMPLE 10 

Seventy-five parts of a urethane acrylate oligomer having 
three acryloyl groups per molecule on the average (trade 60 
name, "Unidic V-4263"; manufactured by Dainippon Ink & 
Chemicals, Inc., Japan) were homogeneously mixed with 25 
parts of dicyclopentanyl diacrylate (trade name, "Kayarad 
R-684"; manufactured by Nippon Kayaku Co., Ltd.) and 2 
parts of "Irgacure 184" (photopolymerization initiator) to 65 
obtain hydrophobic photopolymerizable composition 
(A-10). 



ing at a rate of 18 ml/min and simultaneously extrude 
hydrophilic liquid (D-3) used in Example 3 through the 
circular extrusion opening at a rate of 25 ml/min. The 
resultant extrudate consisted of the photopolymerizable 
composition (A-10) in a fiber form whose external surface 
was in contact with the hydrophilic liquid (D-3). At the time 
when the extrudate, which was descending from the nozzle, 
had reached to the range of from 30 to 60 cm in terms of 
distance from the nozzle, it was irradiated with ultraviolet 
rays at an intensity of 1,200 mW/cm 2 . Thereafter, the 
extrudate was immersed in ethanol for 20 minutes, subse- 
quently rinsed with running water for 1 hour, and then 
air-dried overnight. Thus, a fiber-form material having 
hydrophilic surface and a diameter of 1.6 mm was obtained. 

The surface of the thus-obtained material having hydro- 
philic surface was subjected to the measurement of water 
contact angle and elemental analysis. The results obtained 
are shown in Table 2. The hydrophilic surface layer of the 
material having hydrophilic surface obtained above had a 
thickness not larger than 10 /an. 

EXAMPLE 11 

A nozzle having a central slit-form extrusion opening 
disposed at the center and having a slit width of 1.0 mm and 
a length of 25 mm and a nearly elliptic extrusion opening 
disposed outside the central opening and having a slit width 
of 1.5 mm, a major axis length of 30 mm, and a minor axis 
length of 5 mm was used to extrude, in air, photopolymer- 
izable composition (A-10) used in Example 10 through the 
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central slil-form extrusion opening at a rate of 18 ml/min and ing and having an inner diameter of 5 mm and a slit width 
simultaneously extrude hydrophilic liquid (D-3) used in of 1.5 mm was used to extrude, in air, hydrophobic photo- 
Example 3 through the nearly elliptic extrusion opening at a polymerizable composition (A-12) used in Example 12 
rate of 30 ml/min. The resultant extrudate consisted of the through the core extrusion opening at a rate of 12 ml/min 
photopolymerizable composition (A-10) in a tape form 5 and simultaneously extrude hydrophilic liquid (D-3) used in 
whose external surface was in contact with the hydrophilic Example 3 through the circular extrusion opening at a rate 
liquid (D-3). At the time when the extrudate, which was of 25 ml/min. The resultant extrudate consisted of the 
descending from the nozzle, had reached to the range of photopolymerizable composition (A-12) in a fiber form 
from 30 to 60 cm in terms of distance from the nozzle, it was whose external surface was in contact with the hydrophilic 
irradiated with ultraviolet rays at an intensity of 1,200 10 liquid (D-3). At the time when the extrudate, which was 
mW/cm 2 . Thereafter, the extrudate was immersed methanol descending from the nozzle, had reached to the range of 
for 20 minutes, subsequently rinsed with running water for from 30 to 60 cm in terms of distance from the nozzle, it was 
1 hour, and then air-dried overnight. Thus, a tape-form irradiated with ultraviolet rays at an intensity of 1,200 
material having hydrophilic surface was obtained which had mW/cm 2 . Thereafter, the extrudate was immersed in ethanol 
a width of 20 mm and a thickness of 0.8 mm. 15 for 20 minutes, subsequently rinsed with running water for 
The surface of the thus-obtained material having hydro- 1 hovi, and then air-dried overnight. Thus, a fiber-form white 
philic surface was subjected to the measurement of water P° rous material having a diameter of 1.6 mm was obtained, 
contact angle and elemental analysis. The results obtained The surface of the thus-obtained porous material was 



are shown in Table 2. The hydrophilic surface layer of the subjected to the measurement of water contact angle and 

material having hydrophilic surface obtained above had a 20 elemental analysis. Because of the porosity of the material 

thickness not larger than 10 /an. surface, water infiltrated into pores and, hence, the contact 
angle with water was unable to be measured. The results of 

EXAMPLE 12 me elemental analysis obtained are shown in Table 2. The 

Hydrophobic photopolymerizable composition (A-12) hydrophilic surface layer of the material having hydrophilic 

was obtained by homogeneously mixing 67.5 parts of 25 surface obtained above had a thickness not larger than 10 

"Unidic V-4263 (urethane acrylate oligomer having three /™- 

acryloyl groups per molecule on the average; manufactured EXAMPLE 14 
by Dainippon Ink & Chemicals, Inc.), 22.5 parts of 

"Kayarad R-684" (dicyclopentanyl diacrylate), 10 parts of Hydrophobic photopolymerizable composition (A-14) 

"NK Ester AM-90G" (methoxynonaethylene glycol aery- 3 was obtained by homogeneously mixing 3.75 parts of a 

late; hydrophilic monomer manufactured by Shinnakamura urethane acrylate oligomer having three acryloyl groups per 

Chemical Industrial Co., Ltd.), 180 parts of methyl caprate molecule on the average (trade name, "Unidic V-4263"; 

(poor solvent), and 4 parts of "Irgacure 184" manufactured by Dainippon Ink & Chemicals, Inc.), 1.25 

(photopolymerization initiator). parts of 1,6-hexanediol diacrylate (trade name, "Kayarad 

Subsequently, photopolymerizable composition (A-12) HDDA"; manufactured by Nippon Kayaku Co., Ltd.), 0.1 

was extruded, in air, through a cylindrical nozzle having an part of "Irgacure 184" (photopolymerization initiator), and 

inner diameter of 0.16 mm into particles at a rate of 22 95 parts of acetone. 

ml/min. At the time when the extruded particles, which were Subsequently, a nonwoven polyethylene terephthalate) 

falling from the nozzle, had reached to the range of from 30 w (PET) fabric having a thickness of 0.15 mm ("MF-90"; 

to 60 cm in terms of distance from the nozzle, they were manufactured by Japan Vilene Co., Ltd., Japan) which had 

irradiated with ultraviolet rays at an intensity of 1,200 been cut into a circle having a diameter of 60 mm was 

mW/cm 2 to obtain milk-white precured beads. The precured immersed in photopolymerizable composition (A-14). 

beads were placed in a beaker containing hydrophilic liquid Ultrasonic waves were applied thereto for 1 minute to 

(D-3) used in Example 3, and then irradiated from over the 4j infiltrate the photopolymerizable composition (A-14) into 

beaker with ultraviolet rays at an intensity of 100 mW/cm 2 the spaces among fibers of the fabric. Thereafter, the non- 

for 40 seconds. Thus, the precured beads were photopoly- woven fabric was taken out, and the acetone was evaporated 

merized and cured to obtain cured beads having a diameter at room temperature to obtain a nonwoven fabric in which 

of 0.45 mm. fiber surfaces had been coated with hydrophobic photopo- 

The beads thus obtained were immersed in ethanol for 60 50 lymerizable composition (A-14). 

minutes, subsequently rinsed with running water for 3 hours, This nonwoven fabric was immersed in hydrophilic liquid 

and then air-dried overnight to obtain white porous beads (D-3) used in Example 3, and immediately irradiated with 

having a diameter of 0.4 mm. 100 mW/cm 2 ultraviolet rays for 40 seconds. Thereafter, the 

The surface of the porous beads thus obtained was sub- nonwoven fabric was taken out, immersed in ethanol for 20 

jected to the measurement of water contact angle and 55 minutes, rinsed with running water for 1 hour, and then 

elemental analysis. Because of the porosity of the bead air-dried overnight to obtain a hydrophilized nonwoven 

surface, water infiltrated into pores and, hence, the contact fabric. 

angle with water was unable to be measured. The results of The surface of the hydrophilized nonwoven fabric thus 

the elemental analysis obtained are shown in Table 2. The obtained was subjected to the measurement of water contact 

hydrophilic surface layer of the material having hydrophilic 60 angle and elemental analysis. The contact angle with water 

surface obtained above had a thickness not larger than 10 was unable to be measured because water infiltrated into 

fan. pores of the hydrophilized nonwoven fabric due to the 
porosity thereof, although the untreated nonwoven fabric did 

EXAMPLE 13 nf>t absorb water dropletSi xij e results 0 f the elemental 

A nozzle having a core extrusion opening disposed at the 65 analysis obtained are shown in Table 2. The hydrophilic 

center and having a diameter of 2 mm and a circular suface layer of the material having hydrophilic surface 

extrusion opening disposed outside the core extrusion open- obtained above had a thickness not larger than 10 fan. 
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Material Surface 



C:0:N 
C:0:N = 78: 
GO:N = 78: 



Lightester DQ-7S 
Lightester DQ-7S 
:19:3 Lightester DQ-75 
.19:3 Lightester DQ-75 
:19:3 Lightester DO-75 



C:0:N = 75:17:8 
C:0:N = 75:17:8 
C:0:N = 75:17:8 



Since the materials having hydrophilie surface obtained i 
by the processes of the present invention have no hydro- 
philie groups inside, they have advantages in that they do not 
swell, are capable of retaining their intact structures, mate- 
rial properties, etc., and do not release hydrophilie groups. 
According to the processes of the present invention for 2 
producing a material having hydrophilie surface, hydro- 
philie groups can be incorporated only onto the surface of a 
material, aud the kind and density of the hydrophilie groups, 
which ate bonded to the material surface by covalent 
bonding, can be easily controlled. Furthermore, according to 
the processes of the present invention for producing a 2 
material having hydrophilie surface, high moldability is 
attained and a material of any desired shape can be formed. 
In addition, the processes of the present invention for 
producing a material having hydrophilie surface can be used 
not only for imparting hydrophilicity but also for easily 3 
producing a material having functional substituents on the 
surface thereof. 

While the invention has been described in detail and with 
reference to specific embodiments thereof, it will be appar- 
ent to one skilled in the art that various changes and 3 
modifications can be made therein without departing from 
the spirit and scope thereof. 

What is claimed is: 

1. A process for producing a material having hydrophilie 
surface which comprises: A 

(1) the first step of forming a hydrophobic photopolymer- 
izable composition comprising a hydrophobic com- 
pound (a) having two or more polymerizable unsatur- 
ated double bonds per molecule and a 
photopolymerization initiator into a desired form 4 
selected from thin film, fiber, bead, and other forms to 
produce a shape (b); 

(2) the second step of bringing the surface of the shape (b) 
into contact with a hydrophilie liquid (d) containing a 
hydrophilie compound (c) having one or more poly- 5 
merizable unsaturated double bonds; and 

(3) the third step of irradiating the shape (b) with actinic 
rays while keeping the shape (b) in contact with the 
hydrophilie liquid (d), 

(4) said third step being conducted in such a manner that 5 

(i) the shape (b) is cured, 

(ii) the hydrophobic compound (a) is copolymerized 
with the hydrophilie compound (c) at the interface 
between the shape (b) and the hydrophilie liquid (d) 
to thereby chemically bond molecules of the hydro- 6 
philic compound (c) to the surface of the hydropho- 
bic shape (b), and 

(iii) the hydrophilie liquid (d) is prevented from under- 
going any photopolymerization reaction therein 
except at said interface. 6 

2. A process for producing a material having hydrophilie 
surface which comprises: 



tzable composition com_ 
pound (a) having two or more polymerizable unsatur- 
ated double bonds per molecule and a 
photopolymerization initiator into a desired form 
selected from thin film, fiber, bead, and other forms to 
produce a shape (b); 

(2) the second step of irradiating the shape (b) with actinic 
rays to precure the shape (b) to such a degree that the 
resultant procured shape (b) has polymerizable unsat- 
urated double bonds remaining at least on the surface 
thereof; 

(3) the third step of bringing the surface of the procured 
shape (b) into contact with a hydrophilie liquid (d) 
containing a hydrophilie compound (c) having one or 
more polymerizable unsaturated double bonds; and 

(4) the fourth step of irradiating the procured shape (b) 
with actinic rays while keeping the precured shape (b) 
in contact with the hydrophilie liquid (d), 

(5) said fourth step being conducted in such a manner that 

(i) the precured shape (b) is completely cured, 

(ii) the hydrophobic compound (a) is copolymerized 
with the hydrophilie compound (c) at the interface 
between the shape (b) and the hydrophilie liquid (d) 
to thereby chemically bond molecules of the hydro- 
philie compound (c) to the surface of the hydropho- 
bic shape (b), and 

(iii) the hydrophilie liquid (d) is prevented from under- 
going any photopolymerization reaction therein 
except at said interface. 

3. The process as claimed in claim 1, wherein the shape 
(b) is brought into contact with the hydrophilie liquid (d) by 
immersing the shape (b) in the hydrophilie liquid (d). 

4. The process as claimed in claim 1, wherein the pho- 
topolymerizable composition contains an ingredient which 
is miscible with the hydrophobic compound (a) having two 
or more polymerizable unsaturated double bonds per mol- 
ecule and in which the cured polymer formed from the 
hydrophobic compound (a) having two or more polymeriz- 
able unsaturated double bonds per molecule neither dis- 
solves nor swells. 

5. The process as claimed in claim 1, wherein the hydro- 
philie liquid (d) contains a surfactant. 

6. The process as claimed in claim 1, wherein the hydro- 
philie compound (c) having one or more polymerizable 
unsaturated double bonds is a compound having amino acid 
structure in the molecule. 

7. The process as claimed in claim 1, wherein the com- 
pound (c) having one or more polymerizable unsaturated 
double bonds and one or more hydrophilie groups is a 
compound having saccharide structure in the molecule. 

8. The process as claimed in claim 2, wherein the shape 
(b) is brought into contact with the hydrophilie liquid (d) by 
immersing the shape (b) in the hydrophilie liquid (d). 
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9. The process as claimed in claim 2, wherein the pho- 
topolymerizable composition contains an ingredient which 
is miscible with the hydrophobic compound (a) having two 
or more polymerizable unsaturated double bonds per mol- 
ecule and in which the cured polymer formed from the 
hydrophobic compound (a) having two or more polymeriz- 
able unsaturated double bonds per molecule neither dis- 
solves nor swells. 

10. The process as claimed in claim 2, wherein the 
hydrophilic liquid (d) contains a surfactant. 
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11. The process as claimed in claim 2, wherein the 
hydrophilic compound (c) having one or more polymeriz- 
able unsaturated double bonds is a compound having amino 
acid structure in the molecule. 
5 12. The process as claimed in claim 2, wherein the 
compound (c) having one or more polymerizable unsatur- 
ated double bonds and one or more hydrophilic groups is a 
compound having saccharide structure in the molecule. 



